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Introduction
Obesity remains an important health problem worldwide. It is at epidemic proportions in Taiwan and many other countries. The prevalence of obesity is increasing not only in adults, but also among children and adolescents [1, 2] . Obesity is a significant risk factor for and contributor to increased morbidity and mortality including cardiovascular disease, diabetes, cancer, and chronic diseases such as osteoarthritis, liver and kidney disease, sleep apnea, and depression [3] . Its role in the increasing incidence of cardiovascular diseases and vascular and metabolic changes has drawn great attention from health care professionals. Studies showed that the degree of vascular changes and obesity-related metabolic abnormalities might differ from the distribution of body fat, and intra-abdominal fat has been proposed as the most important determinant of these abnormalities [4e6] . More recently, waist circumference to height ratio (WHeiR), which is more easy calculated and has the extra benefit of a unisex cutoff within a narrow range [7] , was demonstrated to predict early vascular and metabolic changes better than body mass index (BMI) and waist circumference (WC) [8] .
Previous reports have outlined that carotid intima-media thickness (IMT) is associated with obesity [9] , and carotid IMT measured by non-invasive and reproducible B-mode ultrasound is recognized as a significant independent predictor for cardiovascular outcome. It is frequently used as a surrogate marker for subclinical or early atherosclerosis in multiple epidemiological and interventional studies [10e12]. This study was designed to analyze the relationship of body fat distribution as defined by different anthropometric measurements to carotid IMT and to components of metabolic syndrome (Mets). Particular attention was placed on which anthropometric measurements correlated more with carotid IMT.
Subjects and methods

Study design
This was a single-center, cross-sectional study. The study hospital was a medical center and a main referral hospital serving an area with 3 million inhabitants. Informed written consent was obtained from all participants.
Subjects
One hundred and eleven volunteers (63 men and 48 women; age 18e55 years, mean age 36 years) participated in the study. The exclusion criteria comprised history of stroke, ischemic heart diseases, hypertension, diabetes mellitus (defined as a fasting blood glucose S126 mg/day or under insulin or oral hypoglycemic agent control), and smoking.
The clinical records of the participants were reviewed for all possible exclusion criteria. Blood pressure was measured in the sitting position. BMI was calculated as the ratio of weight (kg) to the square of height (m 2 ). Anthropometric measures were performed using a non-elastic but flexible plastic tape. WC was measured midway between the last rib and the top of the iliac crest. Hip circumference (HC) was measured at the level of the trochanter major. Waist-to-hip ratio (WHR) was calculated as the ratio of waist-to-hip circumferences. WHeiR was calculated as the ratio of waist circumference-to-height.
Blood samples were taken between 8 AM and 10 AM after overnight fasting and analyzed by the central laboratory of Chang Gung Memorial Hospital, Kaohsiung for serum levels of triglycerides (TG), total cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and plasma glucose.
Assessment of atherosclerosis
The protocol of measuring carotid IMT has been previously published elsewhere [13] . Briefly, the B-mode ultrasound system (Philips HDI 5000 System, ATL-Philips, Bothell, WA, USA) equipped with a 4e10 MHz linear array transducer was used to obtain longitudinal images of the common carotid artery (CCA). An ultrasound technologist who was blinded to any clinical information of the participants performed the examination. Both the left and right CCAs were routinely scanned, defined as the 1 cm vascular wall segment of the CCA immediately proximal to the dilatation of the bifurcation plane. These images were transferred to a workstation, and the IMT, defined as the distance between the interfaces between the lumen intima and media adventitia, were automatically measured using a computer software program (Q-LAB, ATL-Philips). These measurements were also performed in a single-blind fashion, and the average carotid IMT was defined as the average of left and right CCA IMTs.
The reproducibility of the automatic IMT measurement was assessed on 30 digitally stored longitudinal images of the CCA, in which the mean far wall CCA IMT was measured independently by two different investigators. The between-reader coefficient of variation as calculated with a one-way random-effects analysis-of-variance (ANOVA) model was 1.2% and the corresponding intraclass correlation coefficient (reliability coefficient) was 99.6%.
Statistical analysis
All statistical analyses were performed using the SAS software package (version 9.1, SAS Statistical Institute, Cary, NC, USA). Data are expressed as the mean AE standard deviation. Statistical comparisons between groups were performed using tests for normally distributed data and Wilcoxon's test for data that was not normally distributed.
Correlation between variables was evaluated using Pearson's correlation. A value of p < 0.05 was considered significant. A multivariate regression analysis was performed using chosen variables to assess average carotid IMT.
Results
The baseline characteristics of all subjects are outlined in Table 1 . The univariate correlations between anthropometric measurements and components of Mets (blood pressure, fasting plasma glucose, HDL-C, and triglyceride) are outlined in Table 2 . All components of Mets correlated very significantly with all anthropometric measurements.
Blood pressure showed the strongest correlation with BMI whereas HDL-C and TG correlated more with WC, and fasting plasma glucose showed stronger correlation with WHeiR. However, in general, waist circumference comes through as the best anthropometric marker of metabolic health (either best or second best for each category).
The univariate correlations between average carotid IMT and candidate factors including anthropometric measurements are outlined in Table 3 .
All factors except body height of participants correlated very significantly with average carotid IMT. The age was the strongest correlate of average carotid IMT (r Z 0.581, 
Discussion
Our observations reveal that in a healthy young Taiwanese population, who never smoked and had no history of vascular events, hypertension, and diabetes mellitus, there are significant correlations between different anthropometric measurements and components of Mets.
The main purpose of our study was to explore which anthropometric measurements play a more important role for subclinical atherosclerosis. We found that the general adiposity as assessed by BMI showed stronger correlation with carotid IMT than abdominal fat as assessed by WC. We also noted that WHeiR was not as effective as BMI in correlating vascular changes, and this result contradicted a previous report [8] . Instead, our results are consistent with the notion that body adiposity is a risk factor for subclinical atherosclerosis.
Using uncomplicated anthropometric measurements to screen a population, one can yield important information about fat distribution and underlying metabolic and vascular risks of an individual. BMI and WC are both commonly used measurements and recently WHeiR has obtained great attention from researchers. BMI is acceptable internationally as a useful measure of general adiposity where WC reflects visceral fat. Different types of measurements have their own advantages and disadvantages. Muscular subjects may have a high BMI despite a low fat mass [14] , and BMI requires a more complicated mathematical calculation, as well as knowledge of acceptable ranges. Although WC is easily measured using a cheap nonelastic tape, it is more easily understood as a concept of obesity than other anthropometric ratios. Although WC is less influenced by muscular mass, it requires knowledge of acceptable ranges that differ between genders and ethnicities. WHR is not as reliable as WC in predicting visceral fat. Measurement errors often happen because it can be difficult to precisely locate the waist and hip, especially in obese subjects. In some societies with different cultures and religions, hip circumference measurement is considered awkward or even not allowed. Furthermore, WHR might not reflect the change in body size if both WC and hip circumference change proportionately.
More recently, WHeiR has been proposed to be the best index for obesity. It takes into account the effects of WC and the influence of body height on body fat composition. Short individuals have significantly higher percentages of body fat than taller people of similar BMI [15] . People with the same WC may not have the same percentage of body fat if they have different body heights. Besides, it is more easily calculated and closely linked to cardiovascular disease, and has similar optimal cutoffs at 0.5 in different sexes, ethnicities, and even ages [7] . Maher et al [8] showed that WHeiR >0.5 predicted both early vascular and metabolic changes and was as reliable as the BMI cutoff >25 in a healthy Caucasian population. Tseng et al also found a superior efficacy of WHeiR to BMI in predicting hyperglycemia, hypertension, and dyslipidemia in a Taiwanese population [16] . Our results contradicted previous findings.
In our study, among all anthropometric measurements, WHeiR was found not superior to BMI in correlating carotid intima-medial thickening, although the correlation with carotid IMT was the same with WC. Therefore, caution is needed when using WHeiR to predict intima-medial thickening. More large scale studies, especially in different ethnicities, are recommended before it could be considered a simple screening tool.
Meanwhile, we further found that multiple regression analysis revealed carotid IMT to be significantly associated with measures of BMI only, but not with other components of Mets despite these components correlating significantly with BMI. It is thus possible that general adiposity has more dominant effect on vascular change then on other metabolic risk factors. A fundamental mechanism of atherogenesis in obese persons or in cases of increased BMI is low grade systemic inflammation [17] . Many factors were shown to relate to obesity and explain its association with vascular changes such as angiotensin II levels [18] , TNF alpha, inflammatory cytokines [19] , and serum adipocyte fatty acid-binding protein [20] . Norata et al recently observed that the leptin/adiponectin ratio was associated with all anthropometric measurements and was significantly associated with carotid IMT [21] . Although specific obesity-related factors may initiate the vascular changes and play a major role, the vasculotrophic effects of lipid, glucose, and blood pressure, which are easily measured and obtained during screening, further accentuate these changes to produce the vascular complications associated with the major cardiac risk factors in obese subjects.
The limitation of our study is that the results were from a rather small sample size and the study participants were younger, without Mets. The findings may not be translated to the general population in Taiwan. However, the subjects were selected specifically to address the relationship between anthropometric measurements, components of Mets, and carotid IMT. In conclusion, this study supports a continuum of metabolic and vascular changes with increasing general adiposity. BMI, rather than abdominal fat, is significant correlated with intima-medial thickening in a healthy young Taiwanese population.
